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Abstract 
Many studies have demonstrated how cognitive psychology can be used to elucidate human information 
processing processes such as memory, sensation and perception. This study takes up a classical cognitive 
problem in Gestalt psychology known as Rubin’s Vase. A very simple classical figure-ground 
organization problem, Rubin’s Vase is an ambiguous image that was developed by the Danish 
psychologist Edgar Rubin around 1915. The image appears to the viewer as two black faces looking at 
each other on a white background, or as a white vase on a black background. The image can be 
interpreted as only one of these two at a time. Rubin’s Vase has been the topic of previous research, and 
many mysteries still remain regarding psychological determinants, neurophysiological mechanisms and 
so on. Believing that Rubin’s Vase can be simulated by information science and robotics, the authors 
aimed to explain the phenomenon using a conscious system, and demonstrate how to construct a model 
using an artificial consciousness module they have developed called the Module of Nerves for Advanced 
Dynamics (MoNAD). Through the study of Rubin’s Vase, the authors conclude with the belief that many 
complex perceptions of humans can be simulated using neural networks, and that this can help us to 
study in depth the cognitive processes of human perception. 
 
Keywords: Artificial Consciousness, Ambiguous Image, Cognition and Behavior, Figure–ground Organization, 
Neural Network, Robotics, Rubin’s Vase 
 
Procedia Computer Science
Volume 88, 2016, Pages 27–32
7th Annual International Conference on Biologically Inspired
Cognitive Architectures, BICA 2016
* Corresponding Author 
1. Introduction 
Consciousness and the brain have comprised the largest of human mysteries. For very many years, 
psychologists, philosophers and brain scientists have conducted research to elucidate what is 
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consciousness and the correlation between consciousness and the brain. Although the mechanism of 
consciousness has not yet been precisely clarified, in recent years some results have been gradually 
emerging. And studies on consciousness have come to be conducted from various perspectives. As such, 
we have attempted to implement consciousness functions in a robot as a computer program in order to 
achieve high-level human-like cognitive functions such as knowledge and feelings. In addition, our 
research efforts should also enable us to understand the functions of human consciousness in depth. In 
order to realize conscious behavior, we believe it is necessary to have a consistency of cognition and 
behavior because there is a need to be aware of others when performing a behavior. For this reason we 
proposed a definition: “the consistency of cognition and behavior is the origin of consciousness.” And 
on the basis of this definition, we created an artificial consciousness module called a Module of Nerves 
for Advanced Dynamics, or MoNAD (Takeno and et al., 2005). The MoNAD modules are used to 
structure recursive neural networks (RNN) and can explain the phenomenon and behavior of human 
consciousness. 
Through a proposed model of the Thermal Grill Illusion, we have formulated a theory about the 
consciousness cognition process called the conflict of concepts, and also explained why the human mind 
can be so complicated and ambiguous. The essential point of this concept is called the competition of 
knowledge. We have demonstrated how to construct this model using MoNADs (Xu and et al., 2015), 
and we also recognized that our theory can be proved by building many other models. We believe our 
theory can not only elucidate innate concepts, but can also elucidate acquired concepts. In the course of 
this study, we found that there is a classical Gestalt psychology cognitive problem known as the Rubin’s 
Vase phenomenon that can be proved by our conflict of concepts theory. 
The Rubin’s Vase phenomenon shown in Figure 1 is an ambiguous image developed by the Danish 
psychologist Edgar Rubin in 1915 (Rubin, 1915). It also known as the Rubin faces or the figure-ground 
vase. It is a very simple, and very classical figure-ground organization problem (Rubin, 1958). Rubin 
explained this phenomenon in this way: “One can then state as a fundamental principle: When two 
fields have a common border, and one is seen as figure and the other as ground, the immediate 
perceptual experience is characterized by a shaping effect which emerges from the common border of 
the fields and which operates only on one field or operates more strongly on one than on the other 
(Rubin, 1915).” As the example in the figure shows, the image can be interpreted as two white faces on 
a black background looking at each other or as a black vase on a white background, and it is interpreted 
as only one of these two at a time. We believe that as a Gestalt psychology cognitive problem, Rubin’s 
Vase can be explained by the conflict of concepts theory as an acquired concept with two concepts: faces 
and vase. 
 
 
Figure 1: An example of a Rubin’s Vase image 
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In this paper, we construct an artificial consciousness as the foundation of the MoNAD consciousness 
module and attempt to model various functions of the human brain. We conducted this study as an 
example of the Rubin’s Vase phenomenon, and will use it to study various concepts to understand the 
human brain in depth. 
2. Proposal for a Rubin’s Vase Model 
In this paper, we proposal a model of Rubin’s Vase using a conscious system. We also believe that 
Rubin’s Vase is endowed with many concepts in Gestalt psychology. At first, we built two concepts to 
explain how the model works. However, in light of research on recovery from early blindness (Gregory
and et al., 1963), we realized that only two concepts would be inadequate because a human may only 
recognize one concept as two faces or one vase for the sake of competition of knowledge to recognize 
the other one. Otherwise, a human may recognize the Rubin’s Vase to be a strange image because a 
conflict of concepts occurs when the human learns the Rubin’s Vase as a new concept.  
Therefore, we thought it necessary to build a complete knowledge frame of Rubin’s Vase. We also need 
to build a concept to arbitrate between the two concepts in a state of conflict. So we built the knowledge 
frame shown in Figure 2. We believe it is necessary to define a concept that includes the structure of 
Rubin’s Vase in order to construct a model of the Rubin’s Vase phenomenon. To ensure the integrity of 
knowledge of Rubin’s Vase, this model is described by the relationship between two different concepts 
as a concept of a vase and a concept of faces, and mediation by another concept as a concept of Rubin’s 
Vase.  
However, as a precondition, we defined all these concepts as known concepts. That means in this 
system, a human can only recognize a vase or two faces as an input, and know the Rubin’s Vase is an 
ambiguous image with two concepts as a vase and faces. 
 
 
  
Figure 2: Knowledge frame of Rubin’s Vase 
 
 
We believe the essence of human progress is to continue learning, and that human instinct is to 
eliminate a state of unpleasantness and change to a state of pleasantness. We believe that when humans 
learn a new concept, “unknown” information will be defined as an “unpleasant” state, and “known” 
information as a “pleasant” state (Ebisawa and et al., 2015). Thus we prepared a flow chart of the Rubin’s 
Vase model shown in Figure 3 as our main proposal in this paper.  
In Figure 3, we are attempting to describe how the model works. In this case, when a person looks at 
an image of Rubin’s Vase, as Rubin explained, the person may only recognize a vase (or two faces) at 
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first. As a known concept, this will define a “pleasant” state. However, the person also knows there is 
not only one vase (or two faces), and two faces (or one vase), at this moment, and the state is changing 
to “unpleasant” because compared with a vase (or faces), faces (or a vase) is an unknown concept in the 
concept of Rubin’s Vase as shown in Figure 2. Through instinct and a knowledge of Rubin’s Vase, the 
person wants to change the current state from “unpleasant” to “pleasant,” and changes their sight to seek 
two faces (or one vase). Then the person will return to recognize two faces and reenter this cycle. 
 
 
 
Figure 3: Flow chart of Rubin’s Vase model 
 
 
 In closing this section, we must explain what is “sight” in our model. We think that “sight” not only 
can include looking at things in the real world, but can also readjust expectations of we have learned. In 
other words, “sight” includes the behavior of seeing and the cognition of an expectation. From this point 
of view, “sight” explains the definition we proposed, “the consistency of cognition and behavior is the 
origin of consciousness,” in a quite reasonable way.  
3. Construction of the Conscious System 
Our conscious system is based on MoNAD artificial consciousness modules. The system consists of 
layered MoNADs. Each MoNAD is driven by a top-down and bottom-up hierarchical system to 
continually exchange information between the lower- and higher-layer MoNADs (Takeno, 2012). In this 
paper, we will give a detailed description of the structure and the transmission of information through 
the neural networks in the conscious system. We constructed the conscious system shown in Figure 4 
using three subsystems: Reason Subsystem, Emotion and Feelings Subsystem, and Association 
Subsystem. 
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The Reason Subsystem is based on the recognition of the surrounding environment and determines the 
behavior and represents the state of the system. The Emotion and Feelings Subsystem is based on the 
internal environment and represents the information from the other consciousness modules in-vivo–
produced stimuli and emotions. The Association Subsystem has the role of compiling rational thinking 
and emotional thinking. 
Next we describe the operation of each module. 
 
 
 
Figure 4: Diagram of the conscious system 
 
 
In Figure 4, P and UP are MoNADs of the Emotion and Feelings Subsystem, and they are used to 
represent the current state as pleasant or unpleasant, respectively.  
Fa, Va, Ru, Si, ActL, ActE are MoNADs of the Reason Subsystem. Fa and Va represent the concept of 
faces and the concept of vase, respectively. Ru represents the concept of Rubin’s Vase. According to the 
knowledge frame shown in Figure 2 in Section 2, we built a structure to connect Fa and Va to Ru but 
not connected with each other to describe the mediation effect of Ru. 
In this model, we found that information with the conflict of concepts could be confirmed between Fa 
and Va. The probable reason is that both Fa and Va are a simple image against an undifferentiated 
background. We think that the intensity of these two concepts is fairly the same and they will compete 
against each other. That is the reason why we built a complete knowledge frame of Rubin’s Vase to 
mediate between the two concepts. 
ActL and ActE output the behavior representation as instructed by Si to drive a behavior mechanism. 
ActL outputs a behavior when a human recognizes Fa or Va, and ActE has the role of moving the eyes. 
Si is a MoNAD of “sight,” and it is one of the most important parts of this system. As mentioned in 
Section 2, Si includes the behavior of seeing and the cognition of an expectation of the next state of the 
system.  
Last of all, As is the MoNAD of the Association Subsystem. 
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4. Observations  
 Although many studies have been conducted about neural networks and Gestalt psychology, studies on 
the complicated and ambiguous models of the human mind are still few in number. Through our model 
of Rubin’s Vase, we proved a valuable tool and built an interesting model for explaining some 
complicated processes of human cognitive psychology.  
In the course of this study, we conducted complement analyses and perfected our theory about the 
conflict of concepts. We found that conflict will occur in a less obvious state because there is a mediation 
mechanism between the concepts. We also attempted to explain this conflict without this mediation 
mechanism but the result was not satisfactory.  
Using the MoNAD modules and the theory of the conflict of concepts, we constructed this model of 
the Rubin’s Vase phenomenon. Now we are preparing to simulate this model on a computer, and we are 
seeking a method to simulate this model on a robot using a conscious system.  
 However, the theory of the conflict of concepts is still not mature enough. Therefore, we are still 
studying it and will explore more valuable evidence to prove its existence in the future. 
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